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INTEGRATED CIRCUIT MEMORY DEVICE
HAVING EQUALLY SPACED APART CELL
ARRAYS

FIELD OF THE INVENTION

This invention relates to memory devices and more par-
ticularly to integrated circuit memory devices.

BACKGROUND OF THE INVENTION

Integrated circuit memory devices, also referred to as
chips, are widely used in electronic systems. For example, a
read/write integrated circuit memory device, commonly
referred to as a dynamic random access memory (DRAM),
is widely used for program storage during program execu-
tion by a microprocessor or other central processing unit. In
the current state of the art, more and more dynamic random
access memory cells are being placed on a single integrated
circuit, thereby providing high density, high speed DRAM
chips.

As is well known to those having skill in the art, the
integrated circuit memory device includes two primary
portions: a cell array portion in which a plurality of memory
cell array blocks are formed, and a peripheral circuit portion
including control circuits for reading and writing data and
for interfacing the memory cell array blocks with input/
output terminals. As more and more memory cells are placed
on a DRAM integrated circuit, the area of the integrated
circuit which is occupied by the memory cell array blocks
generally becomes larger. Accordingly, it is desirable to
decrease the size of the memory cell array blocks in order to
reduce the total manufacturing cost of the integrated circuit.

A fundamental technique for reducing the area of the
memory cell array blocks is to shorten the bit line pitch.
When the bit line pitch is shortened, it is important that the
bit line sense amplifiers, column select gates and random
access input/output circuits are also of small area, so that
they can be placed on the chip within the shortened bit line
pitch. The bit line pitch generally places a limit on the width
of the bit line sense amplifier, the column select gates and
the input/output circuitry of the integrated circuit memory
device. Often, in order to accommodate a shortened bit line
pitch, these elements are lengthened in the direction of the
bit line.

In order to shorten the bit line pitch while still allowing
for the appropriate placement of bit line sense amplifiers,
column select gates and input/output circuits. a staggered
structure of bit lines is often used. In the staggered structure,
the b1t lines of half the columns in a memory cell array block
access the cell array block from one side such as the left side,
and the bit lines of the other half of the cell array blocks
access the cell array blocks from the other side, such as the
right side. When this staggered bit line structure is used. the
sense amplifiers, column select gates and input/output cir-
cuits corresponding to a bit line can then be disposed
between two bit line pitches. Thus, the chip need not be
lengthened in the bit direction to accommodate shortened
pitch bit lines.

Triple port DRAMS are also known. A triple port DRAM
generally includes first and second serial access memory
blocks, first and second serial access input/output blocks, a
bit mask register block, a bit mask register input/output
block and a random access input/output block, for each bit
line. Because of the large amounts of circuiay which must
be crammed into the triple port design, staggered bit lines
are generally used.

In such a staggered bit line structure, some of the adjacent
cell array blocks use the same input/output line, while others
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use different input/output lines. When the same input/output
line is used, a common input/output port circuit block can be
used. When different input/output lines are used, each cell
array block generally requires a separate input/output block.
Accordingly, a triple port DRAM may greatly enlarge the
integrated circuit area because of the complex input/output
blocks.

FIGS. 1 and 2 are block diagrams illustrating a conven-
tional DRAM including a triple port. FIGS. 1 and 2 will be
used to explain the large integrated circuit area which may
be required in a triple port DRAM.

Referring to FIG. 1, the integrated circuit memory device
includes a cell array portion having eight cell array blocks
(B0—B7). The eight cell array blocks are connected to four
read/write control circuit blocks 20 via input/output lines 30.

Half the columns of each cell array block B0-B7 are

connected to input/output blocks, referred to herein as
“SSAM” or “CSAM?”, on the left side of each cell array
block B0-B7. The other half of the columns are connected
to the input/foutput blocks SSAM or CSAM on the right side
of each cell array block BO0—B7. All columns within each cell
array block B0--B7 use an identical input/output line 30. For
example, the BO block uses only an I/O O line and the B2
block uses only an I/O 1 line. A common input/output block
(CSAM), for example 660 pm in width, is present between
blocks using an identical I/O line, for example between
blocks B# and B1, B2 and B3. B4 and B5, and B6 and B7.
In addition, two single input/output portions (SSAM) of 580
pm in width, are present between blocks using different I/O
lines, for example between blocks B1 and B2, B3 and B4,
and BS and B6. The single input/output blocks SSAM and
the common input/output blocks CSAM are connected to the
read/write peripheral circuits 20 using input/output lines 30.

FIG. 2 illustrates a layout on an integrated circuit memory
device of single input/output blocks SSAM between adja-
cent cell array blocks such as B1 and B2 using different
input/output lines in a conventional 1 Meg DRAM having a
triple port. As shown, the single input/output block SSAM is
obtained by sequentially arranging an 80 ym sense amplifier
SA, a 130 pm first serial access memory block SAM1, a 30
pum first serial access input/output block SAM 11/0, 2 30 um
random access input/output block RAM 1/O, a 30 pum bit
mask register input/output block BMR /O, a 120 pm bit
mask register block BMR, a 130 pm second serial access
memory block SAM2 and 30 um second serial access
input/output block SAM2.

As also shown in FIG. 2, the single input/output portion
SSAM is connected at both ends to a 128K RAM core array
block such as B1 and B2, each of which has a total length
of 850 ym. Accordingly, the DRAM chip which includes
eight cell array blocks, four common input/output portions
and eight single input/output portions has the following
width for the embodiment shown in FIG. 1:

850>8-+660x4+580B=14,080 pum

Here, (850x8) denotes the total size of the 8 cell array
blocks, each having a 850 pm width, (660x4) denotes the
total size of the four common input/output portions
(CSAM), each having a 660 um width and (580x8) denotes
the total size of the 8 single input/output portions (SSAM),
ecach having a 580 pum width.

As shown in FIG. 1, in a conventional triple port DRAM,
two single input/output portions (SSAM) are formed
between the cell array blocks such as B1 and B2 using
different input/output lines. This generally results in an
increase in the chip size which produces high manufacturing
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costs and low yields and which may prevent higher integra-
tion of the integrated circuit memory device.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide
an improved integrated circuit memory device.

It is another object of the present invention to provide an
integrated circuit memory device having reduced integrated
circuit area.

It is yet another object of the present invention to provide

a triple port dynamic random access memory having
reduced integrated circuit area.

These and other objects are provided, according to the
present invention, by an integrated circuit memory device
which includes a plurality of memory cell array blocks, each
having M columns by N rows, and arranged in linear, spaced
apart relation in the integrated circuit to produce a row of
memory cell array blocks. The row of memory cell array
blocks includes first and second outer blocks and at least one
inner block therebetween. Each of the outer blocks includes
M/2 columns by N rows of dummy cells. The M/2 columns
by N rows of dummy cells include a plurality of bit lines
which are maintained at a constant level.

The row of spaced apart memory cell array blocks define

common areas in the integrated circuit between adjacent
memory cell array blocks. Each common area includes a

common input/output circuit block having M/2 columns in
each common area, a respective one of which is connected
to M/2 columns by N rows of a respective adjacent pair of
memory cell amray blocks. The integrated circuit also
includes input/output lines in each common area and a
plurality of input/output circuit blocks, a respective one of
which is connected to the input/output lines in a respective
adjacent pair of common areas.

Pre:fcrably the plurality of memory cell array blocks
comprises a plurality of triplets (i.e. integer multiples of

three) of memory cell array blocks. Each triplet includes two
outer triplet blocks and one center triplet block. A respective
input/output circuit block is connected to M/2 columns of a
respective outer triplet block and M columns of a respective
center triplet block.

The integrated circuit memory device architecture

described above allows the common areas in the integrated
circuit between adjacent memory cell array blocks to have

identical width. Moreover, each common area includes
identical circuitry therein. Accordingly, a compact inte-
grated circuit memory device is produced.

It will be understood that the aspects of the M/2 columns
of dummy cells at the outer blocks, the triplets of memory
cell array blocks and the equal spacing between adjacent
memory cell array blocks may be used individually to
improve the integration density of an integrated circuit
memory device. These aspects are also preferably used in
combination to provide an integrated circuit memory device
having a high degree of integration.

Preferably, each of the identical common input/output
circuit blocks which are identically placed between adjacent
memory cell array blocks, includes a first sense amplifier
and a first block select gate which is connected to M/2
columns of one cell array block. A first serial access memory
block is located adjacent the first sense amplifier and block
select gate. A first serial access input/output block is located

adjacent the first serial access memory block. A random
access input/output block is located adjacent the first serial
access memory input/output block. A bit mask register
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input/output block is located adjacent the random access
input/output block. A bit mask register is located adjacent
the bit mask register input/output block. A second serial
access memory block is located adjacent the bit mask
register block. Finally, a second sense amplifier and block
select gate is connected to M/2 columns of the other cell
array block. A second serial access input/output block is
interposed between the second amplifier block select gate
and the second serial access memory block. Accordingly, by
providing a common input/output circuit block, the width of
the memory array is reduced in order to produce a higher
level of integration.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a conventional triple
port DRAM.
FIG. 2 is a detailed block diagram of a pair of memory cell

array blocks and peripheral circuits therefor for the triple
port DRAM of FIG. 1.

FIG. 3 is a block diagram of an integrated circuit triple
port DRAM according to the present invention.

FIG. 4 is a detailed block diagram illustrating a pair of
adjacent cell array blocks and the common input/output
circuit blocks therebetween according to the present inven-
tion.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The present invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the invention are shown.
This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodi-
ments set forth herein; rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to those
skilled in the art. In the drawings, the thickness of layers and
regions are exaggerated for clarity. Like numbers refer to
like elements throughout.

Referring now to FIG. 3, an integrated circuit memory
device includes a cell array portion 10 including a plurality
of memory cell array blocks BO-B8 of M columns by N
rows each in spaced apart relation in the integrated circuit,
to produce a row of memory cell array blocks. The row of
blocks includes first and second outer blocks B0 and B8 and
a plurality of inner blocks B1-B7 therebetween. Each of the
outer blocks B0 and B8 includes M/2 columns by N rows of
dummy cells 60. As also shown in FIG. 3, the row of spaced
apart memory cell array blocks define common areas in the
integrated circuit between adjacent memory cell blocks. The
memory device further includes a common input/output
circuit block CSAM having M/2 columns in each common

area. Each common input/output circuit block CSAM is
connected to M/2 columns by N rows of an adjacent pair of
memory cell array blocks. Thus, for example, the common
input/output circuit block (CSAM) L0 between memory cell
array blocks B® and B1 is connected to M/2 columns by N
rows of memory cell array BO and M/2 by N rows of

memory cell array block Bl.

The integrated circuit memory device also includes input/
output lines 30 in each common area. A plurality of input/
output circuit blocks 20, also referred to as read/write
circuits, is connected to the input/output lines in an adjacent
pair of common areas. Thus, the I/O=0 read/write circuit 20
is connected to the input/output circuit blocks CSAM L9 and
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L1 between memory cell array blocks B0 and B1, and B1
and B2, respectively.

Accordingly, the B0 memory cell array block includes cell
arrays using the I/O 0 line and the dummy cell array 60. The
B1 block includes cell arrays using only the I/O O line. The
B2 block includes cell arrays using the I/O 0 and I/0O 1 lines.
The B3 block includes cell arrays using only the I/0 1 line.
The B4 block includes cell arrays using the I/O 1 and the I/O
2 lines. The BS block includes cell arrays using only the I/O
2 line. The B6 block includes cell arrays using the I/O 2 and
the 1/0 3 lines. The B7 block includes cell arrays using only
the /O 3 line, and the B8 block includes cell arrays using the
I/O 3 line and the dummy cell array 60.

Thus, the cell arrays using the same I/0 line (e.g., an I/O
0 line) are arranged in three adjacent cell array blocks (e.g.,
B0, B1 and B2). According to such an arrangement of the

cell arrays, only one common input/output circuit block
(CSAM) need be used between the cell array blocks.

It will be understood that the M/2 column bit lines of the
first and second outer cell array blocks (B0 and B8) having
M/2 columnsxN rows of dumnmy cell arrays 60 are fixed at
a bit line equalize level.

Accordingly, it may be seen that the plurality of memory
cell array blocks BO0-B8 include a plurality of triplets of
memory cell array blocks. B0, (left half) B1 and B2 (right
half) form a first triplet. B2 (left half) B3 and B4 (right half)
form a second triplet. Each triplet includes two outer triplet
blocks and one center triplet block. For example, in the first
triplet, arrays B0 and B2 are outer triplet blocks and array B1
is a center triplet block. Each of the input/output circuit
blocks is connected to M/2 columns of each outer triplet
block and M columns of the center triplet block. Thus, for
example, the input/output circuit block 30 for triplet B0, B1
and B2 is connected to M/2 columns of array B0 and B2 and
M columns of array B1. It may also be seen from FIG. 3 that
the common areas in the integrated circuit between adjacent
memory cell amray blocks each have identical widths,
because they each use identical common input/output circuit
blocks CSAM LO-L7. Thus, in contrast with the prior art,
single input/output circuit blocks need not be used, and the
variable spacing between adjacent memory cell array blocks
need not be provided. A high density integrated circuit may
thereby be provided.

FIG. 4 illustrates a common input/output circuit block
(CSAM). The common input/output circuit block (CSAM)
includes a first sense amplifier/block select gate (SAY/
BSG1) connected to M/2 columns of odd cell array blocks
(B1, B3, BS and B7) and a first serial access memory block
(SAM1) adjacent the first sense amplifier/block select gate
(SA1/BS(G1). A first serial access I/O block (SAM1 T/O) is
located adjacent the first serial access memory block
(SAM1). A random access I/O block (RAM) 1/O is located
adjacent the first serial access I/O block (SAM1 I/O). A bit
mask register /0 block (BMR V/O) is located adjacent the
random access O block (RAM V/O). A bit mask register
block (BMR) is located adjacent the bit mask register I/O
block (BMR I/0). A second serial access memory biock
(SAM2) is located adjacent the bit mask register block
(BMR). A second sense amplifier/block select gate (SA2/
BSG2) is connected to M/2 columns of even cell array
blocks (B0, B2, B4, B6 and B8) and a second serial access
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ond serial access memory block (SAM2).

The selection of even memory cell array blocks (B0, B2,
B4, B6, B8) or odd memory cell array blocks (B1, B3, BS,

65

6

B7) is determined by the Most Significant Bit of the ROW
address signal (ROW-MSB). The selection of upper bit lines
(L1, L3, LS and L7) or lower bit lines (L0, L2, L4, L6) is
determined by the Most Significant Bit of the Column
address signal (COL-MSB).

Each selecting action according to the row and column
address signals is summarized in the following table:

ROW-MSB:L. ROW-MSBl. ROW-MSB:H ROW-MSB;H
COL-MSB)LL. COL-MSB;H COL-MSB) L. COL-MSB:H

sel- BOB2,B4B6, B0B2B4B6, B1B3B5B7 BlB3B5B7
ected B3 B8

block

sel- LOL21416 L1L3L517 LOL21416 L1.L3L5]17
ected

bit

line

If the Most Significant Bit of the ROW address signal
(ROW-MSB) is low, the even cell array blocks (B0, B2. B4,
B6, B8) are selected, so that the first sense amplifier/block
select gate (SALV/BSG1) connected thereto is opened, but the
second sense amplifier/block select gate (SA2/BSG2) con-
nected to the unselected odd cell array blocks (B1, B3, BS
and B7) is closed. Therefore, the even cell array blocks (B9.
B2, B4, B6 and B8) are connected to the common input/
output portion (CSAM).

Alternatively, if the Most Significant Bit of the ROW
address signal (ROW-MSB) is high, the odd cell array
blocks (B1, B3, B5, B7) are selected, so that the second
sense amplifier/block select gate (SAZ/BSG2) connected
thereto is opened. and the first sense amplifier/block select
gate (SA1/BSG1) connected to the unselected even cell
array blocks (B0, B2, B4, B6 and B8) is closed. Therefore,
the odd cell array blocks (Bl, B3, BS. B7) are connected to
the common input/output circuit block (CSAM).

According to the present invention, the total width of the
memory cell array portion 10 including the 9 cell array
blocks and the 8 common I/O portions therebetween is

calculated as follows:
8 S0>G+660x8=12,930 pm

A comparison of the cell array portion of a conventional
triple port DRAM to that of the present invention is as
follows:

14,080-12,930=1,150 pm
1,150/14,080=0.082

Theretore, the integrated circuit size can be reduced by
8.2%.

It will be understood that the above calculation is for a 1
meg DRAM. As integration becomes denser, the effect of the
present invention may be even greater. For example, in case
of a 2 meg DRAM, the integrated circuit can be reduced by
about 11%.

In the drawings and specification, there have been dis-
closed typical preferred embodiments of the invention and,
although specific terms are employed, they are used in a
generic and descriptive sense only and not for purposes of
limitation, the scope of the invention being set forth in the

following claims.
That which is claimed:
1. An integrated circuit memory device comprising:
a plurality of memory cell array blocks. each having M
columns by N rows, and arranged in lincar, spaced
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apart relation in said integrated circuit to produce a row
of memory cell array blocks including first and second
outer blocks and at least one inner block therebetween,
each of said outer blocks including M/2 columns by N

rows of dummy cells.
2. An integrated circuit memory device according to claim

1 wherein said row of spaced apart memory cell array blocks
define common areas in said integrated circuit between
adjacent memory cell array blocks, each common area
having identical width, said memory device further com-
prising:

a common input/output circuit block in each common
arca, a respective one of which is connected to M/2
columns by N rows of a respective adjacent pair of
memory cell array blocks.

3. An integrated circuit memory device according to claim

2 further comprising:

input/output lines in each common area; and

a plurality of input/output circuit blocks, a respective one
of which is connected to the input/oufput lines in a
respective adjacent pair of common areas.

4. An integrated circuit memory device according to claim

3 wherein said plurality of memory cell array blocks com-
prises a plurality of triplets of memory cell array blocks,
each triplet including two outer triplet blocks and one center
triplet block. and wherein a respective one of said input/
output circuit blocks is connected to M/2 columns of a
respective two outer triplet blocks and M columns of a
respective center triplet block.

5. An integrated circuit memory device according to claim

2 wherein each common area includes identical circuitry
therein.

6. An integrated circuit memory device according to claim

2, wherein each of said common input/output circuit blocks
COMPI1SEs:

a first sense amplifier/block select gate connected to M/2
columns of one cell array block of an adjacent pair of
said memory cell array blocks; '

a first serial access memory block adjacent said first sense
amplifier/block select gate portion;

a first serial access input/output block adjacent said first
serial access memory block;

a random access input/output block adjacent said first
serial access memory input/output block;

a bit mask register input/output block adjacent said ran-
dom access input/output block;

a bit mask register block adjacent said bit mask register
input/output block;

a second serial access memory block adjacent said bit
mask register block;

a seccond sensc amplifier/block select gate block cob-
nected to M/2 columns of the other cell array block of
an adjacent pair of memory cell array blocks; and

a second serial access input/output block between said
second sense amplifier/block select gate and said sec-
ond serial access memory block.

7. An integrated circuit memory device according to claim

1 wherein said M/2 columns by N rows of dummy cells
include a plurality of bit lines which are maintained at a
constant level.

8. An integrated circuit memory device according to claim

1 wherein said plurality of memory cell array blocks is an
integer multiple of three memory blocks.

9. An integrated circuit memory device comprising:

a plurality of memory cell array blocks, each having M
columns by N rows, and arranged in linear spaced apart
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relation in said integrated circuit to produce a row of
memory cell array blocks, wherein said plurality of
memory blocks is an integer multiple of three, and
wherein said row of memory cell array blocks includes
first and second outer blocks and at least one inner
block therebetween, each of said outer blocks including
M/2 columns by N rows of dummy cells.

10. An integrated circuit memory device according to
claim 9 wherein said row of spaced apart memory cell array
blocks define common areas in said integrated circuit
between adjacent memory cell array blocks, said memory
device further comprising:

a common input/output circuit block in each common
area, a respective one of which is connected to M/2
columns by N rows of a respective adjacent pair of
memory cell array blocks.

11. An integrated circuit memory device according to

claim 10 further comprising:

input/output lines in each common area; and

a plurality of input/output circuit blocks. a respective one
of which is connected to the input/output lines in a
respective adjacent pair of common areas.

12. An integrated circuit memory device according to
claim 11 wherein said plurality of memory cell array blocks
comprises a plurality of triplets of memory cell array blocks,
each triplet including two outer triplet blocks and one center
triplet block, and wherein each of said input/output circuit
blocks is connected to M/2 columns of a respective two
outer triplet blocks and M columns of a respective triplet
center block.

13. An integrated circuit memory device according to
claim 10, wherein each of said commmon input/output circuit
blocks comprises:

a first sense amplifier/block select gate connected to M/2

columns of one cell array block of an adjacent pair of
said memory cell array blocks;

a first serial access memory block adjacent said first sense
amplifier/block select gate portion;

a first serial access input/output block adjacent said first
serial access memory block;

a random access input/output block adjacent said first
serial access memory input/output block;

a bit mask register input/output block adjacent said ran-
dom access input/output block;

a bit mask register block adjacent said bit mask register
input/output block;

a second serial access memory block adjacent said bit
mask register block;

a second sense amplifier/block select gate block con-
nected to M/2 columns of the other cell array biock of

an adjacent pair of memory cell array blocks; and

a second serial access input/output block between said
second sense amplifier/block select gate and said sec-
ond serial access memory block.

14. An integrated circuit memory device according to
claim 10 wherein said M/2 columns by N rows of dummy
cells include a plurality of bit lines which are maintained at
a constant level,

15. An integrated circuit memory device according to
claim 9 wherein said row of spaced apart memory cell array
blocks define common areas in said integrated circuit
between adjacent memory cell array blocks, each common
area having identical width.

16. An integrated circuit memory device according to
claim 15 wherein each common area includes identical
circuitry therein.
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17. An integrated circuit memory device comprising:

a plurality of memory cell array blocks, each having M
columns by N rows, and arranged in linear, equally
spaced apart relation in said integrated circuit to pro-
duce a row of memory cell array blocks, wherein said
row of memory cell array blocks includes first and
second outer blocks and at least one inner block
therebetween, each of said outer blocks including M/2
columns by N rows of dummy cells.

18. An integrated circuit memory device according to
claim 17 wherein said row of equally spaced apart data
blocks define a common areca in said integrated circuit
between adjacent memory cell array blocks, said memory
device further comprising:

a common input/output circuit block in each common
area, a respective one of which is connected to M/2
columns by N rows of a respective adjacent pair of
memory cell amray blocks.

19. An integrated circuit memory device according to

claim 18 further comprising:

input/output lines in each common area; and

a plurality of input/output circuit blocks. a respective one
of which is connected to the input/output lines in a
respective adjacent pair of common areas.

20. An integrated circuit memory device according to
claim 19 wherein said plurality of memory cell array blocks
comprises a plurality of triplets of memory cell array blocks,
each triplet including two outer triplet blocks and one center
triplet block, and wherein a respective one of said input/
output circuit blocks is connected to M/2 columns of a
respective two outer triplet blocks and M columns of a
respective triplet center block.

21. An integrated circuit memory device according to
claim 18, wherein said common input/output circuit block

COMprises:
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a first sense amplifier/block select gate connected to M/2
columns of one cell array block of an adjacent pair of

said memory cell array blocks;

a first serial access memory block adjacent said first sense
amplifier/block select gate portion;

a first serial access input/output block adjacent said first
serial access memory block;

a random access input/output block adjacent said first
serial access memory input/output block;

a bit mask register input/output block adjacent said ran-
dom access input/output block;

a bit mask register block adjacent said bit mask register
input/output block;

a sccond serial access memory block adjacent said bit
mask register block;

a second sense amplifier/block select gate block con-
nected to M/2 columns of the other cell array block of
an adjacent pair of memory cell array blocks; and

a second serial access input/output block between said
second sense amplifier/block select gate and said sec-
ond serial access memory block.

22. An integrated circuit memory device according to
claim 17 wherein said M/2 columns by N rows of dummy
cells include a plurality of bit lines which are maintained at
a constant level.

23. An integrated circuit memory device according to
claim 22 wherein said plurality of memory cell array blocks
is an integer multiple of three memory blocks.

24. An integrated circuit memory device according to
claim 17 wherein each common area includes identical
circuitry therein.
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